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ABSTRACT 



An improved magnetic field generating device for use . 
with a medical nuclear magnetic resonance tomo- 
graphic device (MRI). The device comprises a mag- 
netic circuit formed of a pair of magnetic pole pieces 
connected by yoke members in opposite relationship 
with each other leaving a space sufficient to accommo- 
date therebetween an object receiving a medical inspec- 
tion. According to the present invention, a super-con- 
ductive coil is wound around one of the pairs of mag- 
netic pole pieces and the dimensional relationship be- 
tween the two magnetic pole pieces is varied in a vari- 
ety of ways to reduce the magnetic field imbalance, 
with the advantages that the magnetic flux distribution 
becomes highly uniform throughout the space between 
the pair of magnetic pole pieces, the patient entering the 
space has no oppressive sensation and the manufactur- 
ing cost can be reduced to a considerable degree. 

5 Claims, 8 Drawing Sheets 
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Fig. I 
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Fig. 2(A) 
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Fig. 5 
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Fig. II 
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construction of the superconductive coils has keenly 

MAGNETIC FIELD GENERATION DEVICE FOR been demanded in order to reduce the cost of the super- 

USE IN SUPERCONDUCTIVE TYPE MRI conductive type MRI. 

However, in the superconductive type MRI using, 

BACKGROUND OF TOE INVENTION 5 for example, a pair of magnetic pole pieces as described 

1. Field of the Invention above, since a pair of expensive superconductive coils 
The present invention concerns an improvement in a *re necessary and if a single-side excitation system is 

magnetic field generation device using superconductive adopted in which superconductive coils are disposed 
coils used, for example, in medical nuclear magnetic circumferentially to only one of the opposed paired 
resonance tomographic device (hereinafter referred to 10 coils, merely with an aim of reducing the cost, the mag- 
as MRI), and more particularly, it relates to a magnetic netic field is increased on the side of the magnetic pole 
field generation device used for superconductive type piece having the superconductive coils disposed cir- 
MRI which is relatively inexpensive and capable of cumferentiaUy and, accordingly, imbalance of the mag- 
forming a magnetic field having a high uniformity in a netic field occurs in the vertical direction the magnetic 
predetermined space required for medical use. ^ field uniformity in the predetermined space in which 

2. Description of the Prior Art the person to be inserted is worsened extremely. 
MRI is a device in which a person to be inspected is It is an object of the present invention to provide a 

partially or wholly inserted into a gap of a magnetic magnetic field generation device for use in a supercon- 

generation device forming an intense magnetic field to ductive type MRI using a relatively inexpensive con- 
obtain a tomographic image of an object and which can 20 struction in which superconductive coils are disposed 

draw out as far as the nature of the tissues thereof. circumferentially to only one of a pair of magnet pole 

The magnetic field generation device for use in MRI pieces opposed to each other, and which is capable of 

includes a permanent magnet type, a normaUy conduc- satisfying a required high magnetic field uniformity for 

trve type and a superconductave type^ among which the medica i use and has an open construction with such a 

can be obtained stably. 1 v 

In the superconductive type MRI, since a person to SUMMARY OF THE INVENTION 

be inspected has to be inserted in an intense static mag- ~~ , . . , , ^ 

netic field, cylindrical coils such as solenoid coils or 30 ™ e present mventors have^evano^ studies on a 
Hernlhohz-s coils are usually formed and the person to COnStruC H°° of a ^conductive type MRI in which 
be inspected is inserted into a cylindrical spacf defined ^conductive coil is disposed circumferentially only 
by the coils and the axial direction of the cylindrical ofa P 3 * °/ J*>*f pieces opposed to each 
space aligns with a body axis of the person to be in- oth f ■?* wiuch ^ obtamed a ^ga^c field 
spected. 35 u^onnity m a required space formed between a pair of 
The coils of the aforementioned construction entails magnet po^ pieces and, as a result, have accomplished 
the problem that opening portions of the device are ±e present invention based on the finding that vertical 
small and disposed only at two positions, and the re- imbalance is caused to the magnetic field since the mag- 
quired uniformity of magnetic field cannot be obtained netic field 011 the side of one of the magnetic pole pieces 
unless the length along the depth of the device is ex- 40 navin g superconductive coil disposed circumferentially 
tended for taking images of high quality, so that a psy- k increased and this extremely worsens the magnetic 
chological oppressive sensation is caused to the person field uniformity, but such imbalance in the magnetic 
to be inserted as the length in the direction of the depth fi eld can be improved by making the outer diameter of 
of the device is increased. magnetic pole piece having the superconductive coil 
As a construction of relatively reduced length along 45 disposed circumferentially greater than the outer diam- 
the direction of the depth of the devices compared with eter of the other magnetic pole piece not having the 
the construction of using the cylindrical coils described superconductive coil- 

above, a superconductive type MRI has been proposed That is, the present invention provides a magnetic 

in which a pair of magnet pole pieces having supercon- field generation device for use in a superconductive 

ductive cods disposed circumferentially are opposed to 50 type MRI comprising a magnetic circuit in which a pair 

each other to define a predetermined gap therebetween of magnet pole pieces are opposed to each other with a 

See U.S. Pat No. 4,766,378. However, also in this con- predetermined gap defined therebetween are connected 

struction, since a pair of magnet pole pieces are dis- by way of yokes, and in which superconductive coil is 

posed on a disc-like yoke disposed on the both ends of disposed circumferentially only to one of the magnet 

a short cylindrical yoke and a person to be inspected is 55 pole pieces, wherein the outer diameter of the magnet 

inserted from an opening formed to the outer circumfer- pole piece having the coils disposed circumferentially is 

ence of the short cylindrical yoke as shown in FIG. 14, made greater than the outer diameter of the other the 

no substantial reduction in the psychological oppressive magnet pole pieces. 

sensation is obtamed. Further, it has been confirmed that psychological 

In either of the constructions using the cylindrical 60 oppressive sensation given to a person to be inspected 

coils or a pair of magnet pole pieces as described above, can be reduced remarkably by adapting the constitution 

it has been keenly demanded to reduce the psychology- for the magnetpole pieces as described above and by 

cal oppressive sensation to the person to be inspected. further adapting the yokes for connecting a pair of 

Furthermore, since superconductive coils are used as a magnet pole pieces to define a magnetic circuit such 

magnetic field generation source, it is indispensable to 65 that the yokes comprise a pair of plate-like yokes each 

provide a cooling device for keeping the coils, for ex- having magnet pole piece attached to the inside thereof 

ample, to a temperature of liquid helium, i.e., a cryo- and four stud-like yokes for opposing the plate-like 

genie temperature, so that effective arrangement and yokes to each other at a predetermined gap since the 



02/13/2004, EAST Version: 1.4.1 



5,384,538 

3 4 

circumferential direction is largely opened to a required eration device shown in FIG. 2 is made greater than the 

space having the high magnetic field unifonnity. outer diameter of the upper magnet pole piece 3 not 

The magnet pole piece not having the superconduc- having the superconductive coil 6, by which the verti- 

tive coil disposed circumferentially may be in any of cal imbalance in the magnetic field can be improved to 

shapes and, particularly, magnetic field uniformity, can 5 make the magnetic field unifonnity satisfactory, 

be improved further by disposing a shim-like annular The outer diameter of the lower magnet pole piece 4 

protrusion to the outer circumference and disposing a having the super conductive coil 6 disposed circumfer- 

disc-like protrusion to a central portion of a gap oppos- ential may be made greater than the outer diameter of 

ing face, and it is desirable that magnet pole pieces are the other magnet pole piece 3, by properly selecting the 

properly selected depending on the required magnetic 10 outer diameter ratio between a pair of magnet pole 

field uniformity or the like including various specific pieces 3, 4 depending, for example, on the construction 

constructions of magnetic pole pieces having supercon- of the magnetic circuit and the required magnetic field 

ductive coil disposed circumferentially to be described uniformity, for example, by merely increasing the diam- 

later. eter of the lower magnet pole piece 4 or by decreasing 

,™ _ „ A ,,._ T _ 0 15 the outer diameter of the other magnet pole piece 3, 

BRIEF DESCRIPTION OF THE DRAWINGS relatively increasing the outer diameter of the 

FIG. 1 is an explanatory vertical cross sectional view lower magnet pole piece 4. In FIGS. 1 and 2, the cool- 
illustrating a preferred embodiment of a magnetic field ing device and the like for the superconductive coil 6 
generation device according to the present invention; are omitted for easy understanding of the feature of the 

FIG. 2 A and B are explanatory vertical cross sec- 20 present invention, which is the same also in other em- 

tional view and plan view showing a comparative em- bodiments. 

bodiment; In the magnetic field generation device shown in 

FIG. 3 through FIG. 8 are explanatory vertical cross FIG. 3, two yoke plates 1, 2 are opposed by way of four 

sectional views illustrating other preferred embodi- stud-like yokes 5 and a pair of magnet pole pieces are 

ments of the magnetic field generation device according 25 attached to the central portion of the opposing face for 

to the present invention; each of the yoke plates 1, 2, in which an annular protru- 

F1GS. 9 and 10 are explanatory perspective views sion la is protruded along the outer circumference and 

showing ways of assembling yoke members; a disc-like protrusion 7b of a trapezoidal cross section is 

FIG. 11 through FIG. 13 are graphs illustrating the disposed to a central portion to a gap opposing face of 

magnetic field distribution in the magnetic field genera- 30 the upper disc-like magnet pole 7, while an annular 

tion device according to the present invention; and magnet pole piece having an outer diameter greater 

FIG. 14 is an explanatory perspective view illustrat- than the outer diameter of the upper magnet pole piece 

ing an embodiment for the construction of a supercon- 7 is disposed as a lower magnetic pole piece 8. 

ductive type MRI in the prior art Different from th e upper magnet pole piece 7, the 

PREFERRED 35 l0WCT ^ P° lc P leCe 8 * f0rm ed att? ° h " 

DESCRIPTION OF TIffiPREFERRED ing the armulaTma^eT pole piece to the yoke plate J 

EMBODIMENTS and superconductive coil 6 is disposed cir eurnfflretitiallv 

Descriptions will now be made specifically to the to the outer circumference thereof, 

operation of the magnetic field generation device for A magnetic field of an extremely high uniformity can 

use in a superconductive type MRI according to the 40 be generated in a required space formed in a gap 10 by 

present invention with reference to the drawings. FIG. a construction of using an annular magnet pole piece 

1 is an explanatory vertical cross sectional view illns- having a greater outer diameter than the outer diameter 

trating an example of a magnetic field generation device of the other magnet pole piece 7 to one magnet pole 

according to the present invention, FIGS. 2 A and B are piece 8 and circumferentially disposing the supercon- 

explanatory vertical cross sectional views showing the 45 ductive coil 6 to the outer circumference thereof, 

construction of a comparative embodiment and an ex- The magnetic field generation device shown in FIG. 

planatory cross sectional view taken along line a— a in 4 has a construction like that the magnetic field genera- 

FIG. 2A. FIG. 3 through FIG. 8 are explanatory verti- tion device shown in FIG. 3 in which a disc-like magnet 

cal cross sectional views illustrating other embodiments pole piece portion is further added as a lower pole piece 

of the magnetic field generation device according to the 50 having superconductive coil 6 disposed chxumferen- 

present invention. tially. 

In the magnetic field generation device shown in That is, the lower pole piece 8 comprises, an, annular 
FIGS. 2 A and B, a pair of yoke plates 1, 2 are opposed . pole piece portion 8a and a disc-like pole piece portio n 
to each other by way of four stud-like yokes 5. Disc-like 86 attached independent of each other to the yoke pl ate 
magnet pole pieces 3, 4, each of an identical outer diam- 55 2,Jn which the annular pole piece portion 8a and the 
eter, are disposed at the central portion of the opposing disc-like pole piece portion Sb are disposed substantially 
face for each of the yoke plates 1, 2, in which a space 10 coaxially, and superconductive coil 6 is disposed cir- 
is defined, and superconductive coil 6 is disposed cir- cumferenttally to the outer circumference of the annu- 
cumferentially only to the lower magnet pole piece 4 in lar pole piece portion 8a situated to the outside, 
the opposed pair of magnet pole pieces 3, 4. Since the 60 This construction can generate a magnetic field of 
magnetic field on the side of the magnet pole piece 4 higher magnetic field uniformity in a required space 
having the superconductive coil 6 disposed rircumfer- than that of the construction shown in FIG. 3, by select- 
en tially is increased, vertical imbalance is caused in the ing the size and the dimension of the disc-like pole piece 
vertical magnetic field to very much worsen the mag- portion Sb disposed at the central portion, 
netic field uniformity. 65 In the magnetic field generation device shown in 
In view of the above, the outer diameter of the lower FIG. 5, the annular pole piece portion 8a and the disc- 
magnet pole piece 4 having the superconductive coil 6 like pole piece portion 86 shown in FIG. 4 are previ- 
disposed circumferentially as in the magnetic field gen- ously formed as a one piece structure (shown in FIG. 4) 
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by which positional accuracy between each of the com- in the perspective explanatory view of FIG. 10 and 

ponents can be stably m ai n tai ne d. using the constitution of the magnet pole pieces shown 

It will be apparent also from the drawing that the in the foregoing embodiments to the inside of a pair of 

construction of the lower magnetic pole piece having plate-like yokes 9a t 9b opposed to each other. However, 

the superconductive coil 6 disposed drcumferentially is 5 in order to reduce the psychological oppressive sensa- 

substantially identical with the construction of the tbn to the person to be inspected, it is desirable for the 

upper magnet pole piece not having the superconduc- constitution of using four stud-like yokes as shown in 

tive coil 6 disposed circumferentially except for their FIG. 9. 

outer diameter. Further, as the material for the yoke or the magnet 

The magnetic field generation device shown in FIG. 10 le iece? ^ ^terial such as pure iron is 

6 ^ P r ™ de S ^TTf y * e ""f effect 35 ^ used usually. In order to decrease the eddy current 

m iL m f T*^ f ^ ^ 35 ™ der the effect of declined or inclined magnetic 

a portion of the ower magnet pole piece 8 in the con- ^ta ^ ^ . pieceTthe 

struction shown in FIG. 4 is replaced with a protrusion TV ,.. - _ 

2a, corresponding to the disc-like pole piece portion 8*, 15 of the magnet pole p ece opposing to the gap 

J previo^ formed to a central portioi of aVoke plate ^J 0 ™* ^ ** ^ ° T platC 01 

In particular, in a case where the height of the protru- EXAMPLE 
sion 2a is low and the outer diameter is large, it can be 

formed easily without reducing the febrication yield of 20 Example 1 

the yoke plate 2. When an experiment was conducted by using the 

Further, in a magnetic field generation device shown magnetic field generation device shown in FIG. 1 for 
in FIG. 7, a flange 8c extending outwardly is disposed to generating a magnetic field of 3,500 G in a space of 30 
a gap opposing face of the annular pole piece portion 8a cm DSV by applying a DC current to superconductive 
of a magnet pole piece 8 having superconductive coil 6 25 coil at a gap of 60 cm, a magnetic field of 3,600 G was 
disposed circumferentiaUy in a construction similar to obtained at a current of 174 KAT but the magnetic field 
that shown in FIG. 4 described above, so that the outer was more intense in the lower side to cause a remark- 
diameter of the magnet pole piece 8 is made substan- able imbalance for the magnetic field in the veritcal 
tially greater to thereby further improve the magnetic direction (z) ' 
field uniformity than that in the construction of FIG. 4. 30 Then, when a similar experiment was conducted by 

The degree of extension of the flange 8c is properly using & e magnetic field generation device according to 

selected depending, for example, on the construction of Ae present invention shown in FIG. 2 while decreasing 

Ae inagnehc circuit, or *e required magnetic field ^ outer diaineter of ^ upper magnetic pole piece to 

mtensrty or the like and it is desirable , for the improve- about j of ^ outer of ^ ^ ^ ^ 

ment of the magnefcc fielcT mtensty that the extension 35 , e iece ^ ^ outer ^ 

can cover at least the portion of the superconductive L,*,^™,™^ „i^,„i„ i„™ n ^„ 

coil 6 on the side opposing the gap. Also mthe magnetic X ^JIT^ ??1EE?J^ ^ lsT ^ I ^^ lc 

fipw tro^nti™ Zi^ffc^JT^ i c ^TTXI field balance can be established m the vertical direction 

^^^i^^^^S^ %JLt^ Father, the magnetic field distribution in the verti- 

same effect can be obtained by disposing a flange to the ^ ^ ^ () Fur ^ f ^ field distribution 

annular pole piece portion. 40 ~j ; , 7^ ^Tf ~7 Vij j 

Further; also in the magnetic field generation device m ' he verfac^ direction (z) and the magneto field aW 

shown in FIG. 1, a flange 4c extending outward may be J* 10 * m homontal ~ shown 111 ^ 
disposed to the outer circumference of the gap opposing 

face of the magnet pole piece 4 per se having supercon- Example 2 
ductrve coil 6 disposed drcumferentially so as to cover 45 , . ^ , „ 
the side of the superconductive coil 6 opposing to the , When the same experiment as m Example 1 was con- 
gap as shown in FIG. 8. to function it substantially as an ducted bv magnetic field generation device 
annular protrusion and make the outer diameter of the accordin 8 to P resent invention shown in FIG. 4, in 
magnet pole piece greater than the outer diameter of the which annular protrusion and the disc-like protru- 
other magnet pole piece, by which the uniform mag- 50 51011 were not disposed to the gap opposing face of the 
netic field space can further be improved. "PP^ magnet pole piece and when the outer diameter 

In the embodiments described above, although de- ration between the upper and the lower magnet pole 

scriptions have been made to a case of contracting the P ieces was controlled, a magnetic field intensity of 2,000 

yoke and the magnet pole pieces by separate members, PP m wa ^ obtained. The magnetic field distribution in 

various other constitutions may be employed, for exam- 55 vernca ^ direction (Z) and the magnetic field distri- 

ple, such that a portion of the magnet pole piece is bution in the horizontal direction (R) in FIG. 4 are 

previously formed integrally to the yoke as shown in shown in FIG. 12. Further, a magnetic field of 3,430 G 

FIG. 6, or only the magnetic pole piece on the side not was obtained at a current of 228 kAT. 

having the superconductive coil 6 disposed circumfer- Further, when the smae experiment as in Example 1 

entially is previously formed integrally to the yoke, 60 was conducted using the constitution shown in FIG. 7, 

while considering the shape and the size of the magnet in which the annular protrusion and the central protru- 

pole piece, fabricability and assembling operability. sion were disposed to the upper magnet pole piece, 

In addition, although descriptions have been made while a flange extending outward so as to cover the side 

for each of the embc^iments with respect to a constitu- of the superconductive coil opposing to the gap was 

tion in which a pair of plate-like yokes 1, 2 and four 65 disposed, an extremely high magnetic field uniformity 

stud-like yokes 5 are used as shown in the explanatory could be obtained as shown by the magnetic field distri- 

perspective view shown in FIG. 9, the similar effect can bution shown in FIG. 13. 

also be obtained by using a rectangular yoke as shown What is claimed is: 
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1. A magnetic field generation device superconduc- ing no circumferentially disposed superconductive coil 

tive type MRI comprising: is of a disk-like shape and is provided with a surface 

a magnetic circuit in which a pair of magnet pole confronting said gap formed between the paired magnet 

pieces are opposed to each other with a predeter- pole pieces and an annular protrusion on the outer pe- 

mined gap defined therebetween and are connected 5 ripheral portion of the gap-confronting surface, 

by way of yoke means, and in which a supexcon- 4 A magnetic field generating device as claimed in 

ductive coil is disposed circumferentially only to claim j wherein ^ mother magnetic pole piece hav- 

one of the paired magnetic pole pieces, wherein the • n0 circumferentiaUy disposed superconductive coil 

one magnetic pole piece having the circumferen- . q{ a ^ ^ ^ ^ ^ a surface 

tially disposed superconductive coU is annular and 10 confrontin ^ formed between ^ paired magnet 

is provided with a surface confronting a gap . ° , t . r . . , 

f ^ JVi A . _*i j pole pieces, an annular protrusion on the outer penph- 

formed between the paired magnet pole pieces and r . * . - A , c _c j j- i 

a flange which extenToutwardly to an outer pe- ^ P 0 * 0 " of tte «H»frwtiiis surface and a disk- 

ripheral portion of the gap^onfronting surface, the ^ P«*rusion at a central portion of the gap-confront- 

flange having an outer diameter greater than that 15 m S surface. . j . . 

of another magnet pole piece, and a disk-like pro- 5 - A magnetic field generating device as claimed in 

trusion is disposed at a central portion of the gap- claim wherein yoke means connecting with one an- 

confronting surface of the annular magnet pole other ^ with a of magnet pole pieces to form a 

piece. magnetic circuit comprise a pair of plate-like yokes, 

2_ A magnetic field generation device as claimed in 20 each being provided on its inside surface with one of the 

claim 1, wherein the annular magnet pole piece and the paired magnet pole pieces, and a plurality of columnar 

disk-like protrusion are one piece. yokes connecting the paired plate-like yokes with a gap 

3. A magnetic field generating device as claimed in formed between the paired-like yokes, 

claim 1, wherein the another magnetic pole piece hav- ***** 
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